Background: Cumulative data on radiation monotherapy for Merkel cell carcinoma (MCC) is lacking.
Introduction
Merkel cell carcinoma (MCC) is an aggressive tumor of the skin and mucous membranes first described by Toker in 1972 [1] . MCC classically presents as a rapidly growing, firm, violaceous nodule and is thought to be due to extensive radiation exposure and/or polyomavirus. Like melanoma, MCC has a strong propensity to recur locally, spread regionally, and disseminate widely, leading to a fatal outcome [1] . However, unlike melanoma, MCC is highly radiosensitive, with in vitro MCC cell lines demonstrating substantially lower surviving fractions (mean: 0.30) than melanoma cell lines (mean: 0.57) when exposed to 2 Gy of radiation [2] .
Although there have been few prospective studies to guide management of the disease, it is generally agreed that for the primary tumor, surgery with or without adju-
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Quality Assessment
The quality of the selected studies was evaluated according to the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) guidelines (Table 1 ) [5] . The level of evidence supporting each article was determined using criteria from the Oxford Center for Evidence-based Medicine (Table 1) [6].
Data Analysis
Survivorship estimates were generated using descriptive statistics and the Kaplan-Meier method in Graphpad Prism 6
(Graphpad Software Inc., La Jolla, CA). For the analysis of relapse-free survival, the endpoint was any recurrence or metastasis; for the analysis of overall survival, the endpoint was death from any cause; and for the analysis of causespecific survival the endpoint was death from MCC.
Aggregate and individual patient data were combined using the two-stage method, with a fixed-or random-effects approach, in Comprehensive Meta Analysis 2.0 (Biostat Inc., Englewood, NJ) [7, 8] . Based on Cochran's Q test for heterogeneity, the fixed-effects model was only used if the P value > 0.1 [9] . When aggregate data was reported as a median, the mean and variance were estimated using distribution-free formulas [10] .
Tumor staging was standardized using the 2010 TNM staging system for MCC [11] . A tumor was considered stage I if it was <2 cm with no metastases; stage II if it was 2-5 cm with no metastases; stage III if there was lymph node metastasis; and stage IV if distant metastasis occurred. Local recurrence was defined as recurrence within or adjacent to the primary site; regional recurrence was defined as recurrence in the regional nodal basin or in-transit metastasis (cutaneous/ intradermal metastasis en-route to the regional nodal basin), and distant metastasis was defined as tumor spreading distant to the regional nodal basin.
Results

Description of Studies
An initial search of the PubMed database identified 586 records. A title-abstract screen resulted in 83 artivant radiation therapy is the preferred treatment modality;
for nodal involvement, node dissection and/or radiation therapy is the preferred treatment modality; and for distant metastasis, chemotherapy, radiation therapy and/or surgery should be considered [3] . When surgery is not possible due to tumor location and size, patient comorbidities, and/or patient refusal, radiation monotherapy is typically the preferred treatment modality, regardless of whether the intent is palliative or curative.
Due to the rarity of MCC, with an incidence of only 0.79 per 100,000 [4] , the efficacy of radiotherapy for inoper- 
Methods and Materials
Data Search
We searched the PubMed database for articles published in English up to July, 29 2016. The search terms included a combination of "Merkel cell carcinoma" or "merkel-cell carcinoma" and "radiation therapy" or "radiotherapy." The references of articles selected for full-text evaluation were also considered for additional studies.
Inclusion/Exclusion Criteria
All study types (case reports/series, retrospective studies and prospective studies) were considered in our analysis. Studies with the following criteria were included: 1) published 
Study Selection, Quality Assessment and Data extraction
Authors PP and CM independently searched the PubMed database and reviewed all the selected articles using the GRADE, Grading of Recommendations Assessment, Development and Evaluation * Includes two articles that represent one cohort of patients † Comparative refers to studies that had multiple treatment groups; non-comparative refers to studies that had only 1 treatment group ‡ Only represents those relevant patients included in our study increase to 5 (21%) in the local radiation group and 5 (21%) in the localregional radiation group (Table 3) .
Stage III Disease
Of the 68 patients treated with radiation monotherapy, 20 (29%) presented with stage III MCC. All of these patients were treated with local-regional radiation.
The mean duration of follow-up for these patients was 18.9 months (range:
4-53). The mean total radiation dose to the primary tumor was 52.2 Gy (range:
20-70) and that to the regional nodal basin was 51.5 Gy (range: 20-70).
The relapse rate was 60% (n = 12/20) (2 regional recurrences, 4 distant metastasis, and 6 unspecified recurrences/ metastases). There were 7 reported deaths (35%) in the local-regional radiation group, all of which were from MCC. If we assumed that those patients who were alive with disease at the last follow-up eventually died from MCC and all other patients did not die from MCC, the number of deaths from MCC would increase to 10 (50%) ( Table 3) .
Surgery plus Radiation vs. Radiation Monotherapy
A retrospective study by Pape et al [12] . reports, 4 were case series, and 6 were retrospective studies, yielding a total of 68 patients (Table 1 and Table 2 ).
Stage I/II Disease
Of the 68 patients treated with radia- Despite the fact that patients treated with radiation monotherapy often have adverse prognostic features such as large lesion size and head and neck tumor location [23, 24] , the incidences of relapse and death from MCC in the studied patients were similar, if not lower, than the to the regional nodal basin for patients in the local-regional group. In the surgery + radiation group, the total dose of radiation was ~50-55 Gy to the surgical bed for all patients and ~50-55 Gy to the regional nodal basin for patients in the local-regional group. There were 2 regional recurrences at 6 and 15 months in the radiation monotherapy group and 4 regional recurrences at 5, 16, 17 and 109 months in the surgery + radiation group. In this study, there was no significant difference in relapse-free survival (log-rank, p = . 18) or cause-specific survival (log-rank, p = .32) between the radiation monotherapy group and surgery + radiation group [12] .
Discussion
In this review, we have demonstrated that radiation monotherapy appears to be a reasonable treatment modal- * Duration of follow-up (time from date of diagnosis to either outcome of interest or date of last follow-up) was not available for all patients † Fixed-effects model was used (heterogeneity Q = .221, I 2 < .001, P = .638) ‡ All stage III patients were treated with local-regional radiation therapy While the response of MCC to radiation therapy is impressive, radiation therapy is not without toxicity; cumulative experience from the treatment of non-melanoma skin cancer indicates that nearly all patients treated with potentially curative radiotherapy doses will develop at least mild-tomoderate acute side effects such as atrophy, pigment change, incidences in similarly staged patients treated with surgery +/-radiation (Figure 2) [1,25-27 ]. We additionally found that in the absence of nodal disease (stage I/II) in patients with inoperable MCC, prophylactic radiation to the nodal basin resulted in a similar incidence of relapse and death as no prophylactic radiation to the nodal basin. Interestingly, in the only randomized trial evaluating prophylactic radiation to the nodal basin in MCC patients, nodal irradiation with a dose of 50 Gy was associated with a significant decrease in regional recurrences (log-rank, p = .007) but no difference in overall survival (log-rank, p = .989) or progression-free survival (log-rank, p = .400) [28] . When considering nodal disease (stage III), however, radiation is typically provided to the nodal basin in patients with inoperable MCC, as was the case for all stage III patients included in this review. In fact, in a study where all the patients underwent surgery +/-radiation to the primary tumor, it was suggested that radiation to nodal disease is comparable to nodal dissection +/-radiation, with no difference in 2-year regional recurrence-free survival (log-rank, p = 1, p = .8) or disease-specific survival (log-rank, p = .7, p = .9) [29] . [30] . While adding chemotherapy to radiation monotherapy has the theoretical advantage of radiosensitizing MCC, there is limited data justifying this approach for local or regional radiation, and it could possibly even worsen prognosis due to immunosuppression [26, 31] . Systemic immunotherapy with recently developed checkpoint inhibitors is a promising approach for the treatment of advanced MCC [32] . Anecdotal data [33] and results from early phase trials [34] for other malignancies suggest that the combination of systemic immunotherapy and radiotherapy should be explored in MCC. 
Conclusions
To our knowledge, this is the first review to collectively present the outcomes of MCC patients treated with radiation monotherapy. Available data suggest that radiation monotherapy may be able to provide reasonable outcomes for MCC patients unable to undergo surgery. Prospective studies are sorely needed to guide the management of this rare and potentially fatal disease. telangiectasia, or fibrosis [35, 36] . Fortunately, serious or severe complications occur in only ~1% of patients [37] [38] [39] .
There are several limitations to our review. There was a dearth of available prospective studies, requiring us to rely on observational studies. This introduces a high risk of bias to our data and confounding factors that may obscure the overall results. Our search also yielded a small sample of patients treated with radiation monotherapy, and many studies lacked detailed information regarding follow-up time and radiation techniques used. This limited the power of the conclusions that could be drawn from our results. Pooled analysis of individual patient data from several large institutions and/or analysis of registry data should be pursued to further describe the use and efficacy of radiotherapy in the management of MCC. 
